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DESCRIPTION 

MULTI-CARRIER SIGNAL TRANSMITTING APPARATUS AND MULTI-CARRIER 

SIGNAL RECEIVING APPARATUS 

TECHNICAL FIELD 

The present invention relates to a multi-carrier signal 
transmitting apparatus and a multi-carrier signal receiving 
apparatus preferable for application to a case of transmitting 
multi-carrier signals by radio. 
BACKGROUND ART 

Recently, OFDM {Orthogonal Frequency Division Multiplex = 
orthogonal frequency division multiplexing) system has been 
employed as a transmission system highly resistant to multi-pass 
inter leience as well as having an excellent rrequency use 
efficiency. According to this OFDM system, a pluraliLy of 
carriers (hereinafter referred to as sub-carrier) orthogonal to 
each other are disposed at every predetermined frequency 
interval wit&in a single transmission band and data is 
distributed to respective sub-carriers and modulated for 
transmission. According to this system, its transmission 
apparatus disposes transmission data obtained in time series 
virtually on a frequency axis, allocates transmission data to 
each sub-carrier, and orthogonally trans forms it to multi- 
carrier signals at the predetermined frequency interval by 
reverse fast Fourier transformation or the like* A receiving 
apparatus thereof converts received multi-carrier signal 
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inversely to transmission Lime to data secured in time series so 
as to obtain reception data, 

FIG- 1 is a diagram showing an example of the structure 
of a radio transmission apparatus according to the OFDM system* 
Hereinafter, the structure will be described. Here, a radio 
transmission apparatus 100 comprises a video circuit 101 and a 
voice circuit 102 and the respective circuits 101 , 102 carries 
out processing for encoding the inputted video signal and voice 
signal- For example, the video circuit 101 performs encoding 
according to irreversible image compression encoding method such 
as a processing for converting animation video signal to MPEG 
(Moving Picture Expers Group) system image data, a processing 
for converting static image video signal to JPEG (Joint 
Photographing coding Expers Group) system image data. Or 
encoding with reversible image compression method like JBIG 
(Joint Bi- level Image Experts Group) is permissible. A voice 
circuit 102 carries out encoding based on the MPEG audio method, 
CELP (Code Excited Linear Prediction) method, PCM (Pulse Code 
Modulation) method or the like. Tn the meantime, the coded data 
may be provided with BCC (Error Correctinq Code) such as the 
Reed-Solomon code, the turbo code and the like. 

vide& data outputted by a video circuit 101 and voice 
data outputted by the voice circuit 102 are supplied to a mixing 
circuit 103 in which they are converted to single-system data. 
After that, it is supplied to an interleaver 104, in which 
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interleave proceeeing is carried out by changing da La 
arrangement to disperse bit series- Data interleaved by the 
interleaver 104 is aubiected to modulation processing by a 
modulator 10%. In this modulator 105 , first f a preamble signal 
ie inserted Into the bit sequence and next, as a primary 
modulation , for example/ DQPSK modulation (Differential 
Quadrature Phasp. Shift keying) is carried out- In the meantime, 
other modulation meLhod than the DQPSK modulation may be 
employed euch as QPSK, BPSK, 8PSK, QAM and the like* 

Data primarily modulated by the modulator 105 is 
supplied to a reverse fast Fourier transformation circuit (IFFT 
circuit) 106 and as a secondary modulation, reverse Fourier 
transformation processing for converting data disposed on time 
axi s t o data arrangement on the frequency axis by arithmetic 
processing of reverse Fourier t ran© formation is carried out and 
further, window application processing is carried out by 
multiplying window data* If Lhe revuiae Fourier transformation 
processing is carried out in this IFFT circuit 106, a 
transmission symbol stream disposed on the frequency axis 
virtually up to then is averaged so as to be transmission 
series, in the ithT circuit f each time when data of a 
predetermined unit is inputted, reverse Fourier transformation 
arithmetic processing is carried out for that inputted data. In 
this specification, time for carrying out the arithmetic 
processing of this one unit is called single modulation Lime. 



i 
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Output of the IFFT circuit 106 is supplied to a 
digital /ana l og converter 107 so as to be converted to analog 
signal- After the conversion, rhe analog signal is supplied to 
a high- frequency portion <RF portion) 108, in which high- 
frequency processing such as filtering, frequency conversion are 
carried out so as to gain a transmission signal of a 
predetermined transmission channel. After that, it is 
transmitted by radio through an antenna 110. Processing timing 
in each cirdiit in the radio transmission apparatus 100 is 
controlled by a time base controller (THG) 109. 

FIG. 2 is a diagram showing a radio reception apparatus 
lor receiving a signal transmitted tram the radio transmission 
apparatus 100 shown in PIG. 1. Hereinafter, the structure 
thereof will be described. The radio reception apparatus 200 
supplies a signal received by an antenna 201 to a high-frequency 
portion (RF portion) 202 so as to carry out such reception 
processing as filtering and frequency conversion. Consequently, 
a reception signal of a predetermined channel is obtained. This 
reception signal is supplied to the analog/digital converter 203 
and converted to digital data. Reception series subjected Lo 
digital conversion is supplied to a window detecting portion 
204. This window detecting portion 204 carries out processing 
for detecting synchronism by detecting a break in data to be 
subjected to Fourier transformation based on window data 
multiplied by the transmission system from reception series. 
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Output of the window detecting portion 204 is supplied 
to the fast ^ourisr transformation circuit (FFT circuit) 205 and 
transformation processing is carried out, in which Fourier 
transformation action is carried out at the timing ol the break 
in data detected by the window detecting portion 204 and data on 
the frequency axis is converted to data arrangement on time axis 
by the arithmetic processing of the Fourier transformation. The 
reception series Fourier transformed is supplied to a decoder 
206, in which decoding processing for returning conversion 
processing applied at the time of transmission such as the DQPSK 
modulation is carried out so as to generate a reception symbol 
stream. 

This reception symbol stream is supplied to a 
dei nterleave& 207, in which deinterleave processing for 
returning bit series dispersed by interleave processing at the 
time of transmission to its original data arrangement is carried 
out so as to obtain reception encoding bit series. This 
reception encoding bit series is supplied to a viterbi decoder 

208 and converted to reception information bit series by viterbi 
decoding processing. Video information in the converted 
reception information bit series is supplied to a video circuit 

209 and voice information is supplied to a voice circuit 210. 

In the video circuit 209 , data encoded by the video 
circuit 101 of the transmission system is decoded so as to 
obtain transmitted video data. In the voice circuit 210 # data 
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encoded by the voice circuit 102 of the trans miss ion system is 
decoded so as to obtain transmitted voico data. Processing 
tJunintj in each circuit in the radio reception apparatus 200 is 
controlled by a time base controller (TBC) 211 • 

With the above described structure, transmission and 
reception of the OFDM system signal axe carried out. The 
primary modulation by the modulator 105 at the time of 
transmission is a modulation system in which the phase of 
carrier ie changed in discrete manner depending on transmission 
data, so that it has a large advantage in frequency application 
efficiency « Because, in the reverse Fourier transformation 
processing in the tfft circuit 106 , the bit aeries disposed on 
the eubcarrier is averaged on time axis, it has such a large 
advantage that it is highly resistant to interfering wave such 
as fading and shadowing. 

However, on the side receiving such multi-carrier 
signal, respective bit series s cannot be decoded until Fourier 
transformation processing in the PPT circuit 205 is carried out. 
If a break £&r one modulation {hereinafter referred to break) is 
not recognized properly when the FPT circuit 205 executes the 
courier transformation processing at the time of reception, 
accurate bit series cannot be decoded* 

To achieve proper Fourier transformation action in the 
FFT circuit, it is necessary to determine the break depending on 
a power level of transmission data because the break ( 
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hereinafter Preferred to as break) of one modulation Lime cannot 
be determined, from data received in a circuit on a pre stage of 
the Fourier tx ana formation circuit (window detecting portion 204 
in PIG* 2), Ordinarily, for the known preamble signal contained 
in the transmission data, correlation in power level is 
obtained. In order to increase the accuracy of correlation 
value to be obtained here, calculation is necessary without 
reducing the biL width o£ each channel. For the reason, there 
is a problem that the scale of a circuit for detecting the 
correlation is increased. 
DISCLOSURE OF THE INVENTION 

The present invention has been achieved in views of 
problems in the above described radio transmission of the multi- 
carrier signal and an -ob ject of the present invention is to 
enable demodulation by determining a break o£ one modulation 
unit with a simple structure or processing prior to Fourier 
transformation on the side receiving a signal to be transmitted 
as a multi-carrier signal. 

According to a first invention, there is provided a 
multi-carrier signal transmission apparatus for transmitting a 
signal in which first information necessary for gaining 
synchronism of transmission signal is disposed at a 
predetermined interval in second information which is the other 
information,^ comprising: data arrangement means for arranging 
the first information and the second information; first 
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modulation means for generating a, -transmission symbol stream by 
modulating data created by the data arrangement means; symbol 
generating means for expanding a transmission symbol stream 
generated by the first modulation means on frequency axis so as 
to generate the transmission symbol stream symmetrical on the 
frequency axis; and second modulation means for converting the 
transmission symbol stream symmetrical on the frequency cutis 
generated on the symbol generating means by reverse Fourier 
trans formation . 

Consequently r first information necessary for gaining 
synchronism is contained in transmission symbol disposed 
symmetrically with respect to a reference position on frequency 
axis* As a result/ the side receiving a signal transmitted from 
this apparatus is capable of extracting only any one of real 
number porLion and imaginary number portion of the first 
information . 

According to a second invention , there is provided a 
multi-carrier signal transmission apparatus according to Lhe 
first Invention wherein the data arrangement means disposes the 
first information and the second information alternately. 

Consequently, when self correlation of the first 
information is carried out in a reception circuit , a more highly 
accurate correlation value can be produced* 

According to a third invention, there is provided a 
multi-carrier signal transmission apparatus according to the 
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first invention wherein with a symbol at the reference frequency 
position of the transmission symbol stream as the center, the 
symbol generating means expands respective symbols of the 
transmission symbol stream other than that symbol symmetrically 
on the frequency axis* 

Consequently, symbols are arranged symmetrically on the 
frequency axis centering on a frequency position which serves as 
reference like 0 KHZ and the like, so that the symbols can be 
expanded symmetrically on the frequency axis favorably. 

According to a fourth invention, there is provided a 
multi-carrier signal reception apparatus for receiving multi- 
carrier signal including first information necessary fpr gaining 
synchronism of transmission signal and second information, 
comprising 3 memory means for memorizing any one of a real number 
portion and an iiiuiqinary number portion in the first 
information; delay means for delaying a received symbol stream 
by a predetermined time; a filter portion for extracting the 
first information using a reception symbol stream delayed by the 
delay means and a reception symbol stream not delayed; a 
correlator for gaining correlaLion between an output of the 
filter portion and the first information of the real number 
portion or iniaqinary number portion memorized in the memory 
means; and determining means for detecting synchronism depending 
on a peak position of a correlation value of the correlator. 

Consequently, when symbols disposed symmetrically with 
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respect to the reference position on the frequency axis are 
received, by gaining correlation between first information 
extracted from that received symbol and preliminarily prepared 
first information, only a correlation value of any one of the 
real number portion and the imaginary number portion is detected 
when its correlation is detected. Thus, as the first 
information which should be prepared preliminarily for detection 
of the correlation within the reception apparatus, only any one 
of the real number portion and the imaginary number portion has 
to be prepared. As a result, the amount of the first 
information prepared in the reception apparatus can be reduced 
correspondingly and a processing amount for detecting the 
correlation can be reduced, so that information Tor gaining 
synchronism contained in the received multi-carrier signal can 
be detected prior to Fourier transformation with simple 
structure and simple processing. 

According to a fifth invention, there is provided a 
multi-carrier signal reception apparatus according Lo the fourth 
invention wherein when processing time of a single unit for 
Fourier-transforming the multi-carrier signal is a single 
modulation time, a predetermined time to be delayed by the delay 
means is set to 1/2 a single modulation time. 

Consequently, only the first information necessary for 
gaining synchronism can be extracted easily from the 
transmission symbol in which the first information and the 
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second information are arranged alternately. 

According to a sixth invention , there is provided a . 
multi-carrier signal transmission apparatus for transmitting 
first information necessary for gaining synchronism of 
transmission signal and second information which is the other 
information as the multi-carrier signal, comprising: first 
modulation means for generating a transmission symbol stream by 
the first information and a transmission symbol stream by the 
second inf orifiation selectively; and symmetrical transmission 
symbol stream generating means in which a transmission symbol 
stream based on tho first information generated by the first 
modulation means is the transmission symbol stream expanded 
symmetrically on frequency axis with respect to a predetermined 
frequency position. ~ 

Consequently, transmission of the transmission symbol 
stream composed of the first information necessary for gaining 
synchronism and transmission of the transmission symbol stream 
composed of the second information which is the other 
information can be carried out selectively. Thus, when 
transmitting an asynchronous packet, it is possible to transmit 
the symbol stream composed of the first information 
symmetrically on a reference frequency position at a head slot 
and then transmit just the symbol stream composed of the second 
information at a next slot, thereby enabling information 
necessary for gaining synchronism to be transmitted effectively. 
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According to a seventh invention/ there is provided a 

multi-carrier signal transmission apparatus according to the 
■i 

sixth invention wherein with a symbol at the reference frequency 
position of the transmission symbol stream as the center, the 
first modulation means expands respective symbols of the 
transmission symbol stream other than that symbol symmetrically 
on the frequency axis • 

Consequently, with a reference frequency position lifce 0 
kHz as the center, symbols are arranged symmetrically on the 
frequency axis, so that the symbols can be expanded 
symmetrically on the frequency axis favorably. 

According to an eighth invention, there is provided a 
multi-carrier eignal reception apparatus for receiving the first 
information necessary for gaining synchronism of a transmission 
signal and second information which is the other information, 
comprising 2 memory means for memorizing the first information ; 
correlator for gaining correlation between the received symbol 
stream and the first information of the real number portion or 
imaginary number portion memorized in the memory means? and 
determining means for detecting synchronism depending on a peak 
position of a correlation value of the correlator. 

Consequently, when receiving Lhe symbol stream composed 
of the first inf ormatlon, a correlation value is detected from 
only any one of the real number portion and the imaginary number 

portion contained in that reception symbol. Therefore, as the 

4 
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first information to be preliminarily prepared for detection of 
the correlation within the reception apparatus, only any one of 
the real number portion and the imaginary number portion has to 
bo prepared, so that the amount of the first information 
prepared within the reception apparatxis can be reduced 
correspondingly and further, the processing amount for detecting 
the correlation can be reduced. Thus, information for gaining 
synchronism contained in the received multi-carrier Signal can 
be detected prior to Fourier transformation by simple structure 
and simple processing. 

According to a ninth invention, there is provided a 
multi-carrier signal reception apparatus according to the eighth 
invention wherein the memory means memorizes only any one of the 
real number portion and the imaginary number portion in said 
first information. 

Consequently, information for gaining synchronism 
contained in the reception symbol can be detected easily using 
storage information having a small information amount. 
BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing an example of a 
transmission system for a multi-carrier signal, 

FIG. 2 is a block diagram showing an example of a 
reception system for the multi-earrier signal. 

fig. 3 is a block diagram showing an example of a 
transmission system according to a first embodiment of the 
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present invefition. 

FIG. 4 is an explanatory diagram showing an example of a 
-transmission symbol stream according to a first embody men* of 
tho present invention. 

FIG. 5 is an explanatory diagram showing an example of 
the transmission symbol stream expanded according to the first 
embodiment of the present invention. 

fig/ 6 is a block diagram showing an example of a 
preamble signal detecting Btruaturc according to a first 
embodiment of the present invention. 

FIG. 7 is a waveform diagram showing an example of 
waveforms in I channel and Q channel of preamble contained in an 
expanded transmission symbol stream. 

FIG . 8 is an explanatory diagram showing an example of a 

transmission state according to a second embodiment of the 
present invention. 

FIG. 9 is an explanatory diagram showing an example of a 
transmission symbol stream according to a second embodiment of 
the present invention* 

FIG. 10 is an explanatory diagram showing an example of 
the transmission symbol stream expanded according to the second 
embodiment of the present invention. 

FIG* 11 is a block diagram showing an example of a 
preamble signal detecting structure according to the second 
embodiment of the present invention. 
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FIG, 12 is a flow chart showing an example of preamble 
signal detecting processing according to the second embodiment 
of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter , a first embodiment of the present invention 
will be described with reference to FIGS « 3-7 • 

In this embodiment r the present invention is applied Lo 
a case of carrying out radio transmission of a multi-carrier 
signal. FIG* 3 shows an example of the structure of a 
transmission apparatus of *--his embodiment* Hereinafter, the 
structure will be described* A radio transmission apparatus 
100 1 comprises a video circuit 101 and a voice circuit r 102 , and 
the respective circuits 101 , 102 carry out processing for 
encoding an inputted video signal and voice signal. Video data 
outputted by the video circuit 101 and voice data outputted by 
the voice circuit 102 are supplied to a mixing circuit 103 so as 
to turn to single-system data. Arter that, this data is 
supplied to an interleaver 104/ which carries out interleave 
processing in Which bit series la diffused by changing an data 
arrangement. Data interleaved by the interleaver 104 is 
modulated by a modulator 105 for the purpose of transmission. 
This modulator 105 inserts a preamble signal into a bit series 
and then carries out DQPSK modulation (or modulation by other 
modulation methods such as qpsk, bpsk, bpsk, qam) as the primary 
modulation so as to obtain a symbol stream as modulation output* 

15 
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FIG* 4 shows an example of the symbol stream outputted 
by the modulator 105. In FIG. 4# the frequency axis is 
indicated virtually in the form of an abscissa axis, in which 24 
pieces of symbols are expressed in a unit. This unit of the 
symbol column is modulated to a multi-carrier signal by means of 
a circuit described later* In this structure , 24 pieces or 
symbols S x -S24 are disposed at predetermined frequency intervals 

(fs ® 4.17 kHz) between 0 kHs and 100 kHz, while the symbols Si, 

S24 (that is, a symbol located at 0 kHz and a symbol located at 
100 KHz) located on both ends of the 24 symbols S x -S24 serve for 

guard carriers so that they do not carry anything. Remaining 22 
symbol s 2 -s 2 3 are divided to symbols for use for transmitting 

first information and symbols for_use for transmitting 9©cond 
information- The first information is a preamble signal* The 
second information is data desired to "transmitted actually 
(for example, data obtained by encoding the video signal ox- 
voice signai)* In the meantime, a band from 0 kH2 to 100 kHz is 
called a base band range. 

As for disposition of the first information symbol and 
the second information symbol, the first information symbol and 
the second information symbol are disposed alternately. That 
is, as shown 1 * in FIG. 4, the symbols s 2r s 4 , S6, S8, S10 r S12, 
S14, S16, £18, S20, S22 are disposed as symbols for transmitting 
(modulating) the first information S% and the symbols S 3 , S 5/ s 7 , 
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S y/ B U/ s 13 , s 15 , s 17 , S 19 , S 2 i/ S 2 3 are disposed as symbols for 

transmitting ( modulating ) the second information D2- The symbol 
column shown in FIG . 4 is a symbol column to be processed in a 
single modulation time at the time of modulation to multi- 
carrier signals and here, called a symbol column in the unit of 
a single modulation - 

According to this embodiment, data modulated primarily 
by the modulator 105 ie supplied to a symbol expanding portion 
111* This symbol expanding portion 1.11 expands only the first 
information of the symbol column in the unit of a single 
modulation symmetrically on thea frequency axis. That is, when 
the symbol column disposed from 0 kHz to 100 kHz virtually on 
the frequency axis is inputted to the symbol expanding portion 
111 as shown in FIG. 4, the symbols are expanded symmetrically 
on the frequency axis with the position of 0 kHs as a reference 
frequency position so that this reference position serves as a 
central position, 

fig. 5 is a diagram showing an expanded state, with the 
symbol S x disposed virtually at 0 knz which is a reference 

position acting as a guard carrier in the center, the symbols 
S 2 -S 2 4 are expanded symmetrically vertically on the frequency 

axis (to the right and left in a state shown in FIG. 5), such 
that the symbols are disposed at a predetermined frequency 
interval fa in a range from -100 kHz to 100 kHz. Therefore, in 
the symbol developing portion 111, the symbol S x at the center 
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position (reference position) is kept as it is while as of the 
other symbols S 2 -S£ 4 , even symbols S 2 , S 4 , S$, S B , •••S 2 z are 

expanded in an opposite direction* That is, assuming that the 
frequency position of the symbol in which the first information 
is disposed in the order of Lhe frequency from -100 Jchz is -fn, 

-fiOf -f9* "^i/ fi# ^9r fio# fn* as "the symbols at 

frequency positions -f i - -fu lower than the reference position 
(0 H2)# the symbols S a , S 4 , . S a2 are disposed in order from a 
higher frequency position- As the symbols at frequency 
positions fl-fll higher than the reference position, the symbols 
S a , S 4 , S22 are disposed in order from a lower frequency 

position, so that they are inverted in terms of the right and 
left direction with 0 Hz as a border on the frequency axis. 

Returning to the description of FIG* 3, a symbol stream 
outputted from the symbol developing portion 111 having such an 
arrangement is supplied to a reverse fast Fourier trans lobulation 
Circuit (IFFT circuit) lOfi and in a secondary modulation, data 
disposed on a time axis is subjected to reverse Fourier 
transformation processing so as to convert it to a data 
arrangement ^pn the frequency axis by arithmetic processing o± 
reverse Fourier transformation. Further, the window application 
processing for multiplying this result by window data is carried 
out. If the reverse Fourier transformation processing is 
carried out by this IFFT circuit 106 , the transmission symbol 
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stream disposed virtually on the frequency axis up to here is 
averaged on a time axis so that it becomes transmission scries. 
Data of a single modulation unit processed in a single 
modulation time in this 1FFT circuit 106 is a symbol column 
disposed virtually in a range from -ion kHz to 100 kHz as shown 
in FIG. 5. 

An output of the IFFT circuit 106 is supplied to a 
digital /analog converter 107 and converted to an analog signal. 
That converted analog signal is supplied to a high-frequency 
portion (RF portion) 108 so as to carry out high frequency 
processing such as filtering and frequency conversion to obtain 
a transmission signal of a predetermined transmission channel ♦ 
After that, it is transmitted by radio from an antenna 110. 
processing timing in each circuit in the radio transmission 
apparatus lol)' is controlled by a time base controller (TBC) 
109. 

Next, a radio receiving apparatus for receiving a multi- 
carrier signal transmitted by radio under the structure shown in 
FIG* 3 will be described. According to this embodiment , the 
basic structure for conducting receiving processing is the same 
as the structure of the radio receiving apparatus 200 shown in 
FIG* 2. The multi-carrier signal received here is subjected to 
a processing for converting symbols disposed on the frequency 
axis by Lhe fast Fourier transformation circuit (FFT circuit) to 
symbols on the time axis. A prestage circuit (window detecting 
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portion 204 shown in FIG. 2) for trans forma Lion processing by 
the FFT circuit determines a break of reception data and the 
deLenuined bxeak data is supplied to the FFT circuit (or circuit 
for controlling processing timing in the FFT circuit) . 

According to this embodiment, to determine a break of 
this reception data, a detection circuit having a structure 
shown in PTG* 6 is composed within a circuit disposed at a 
prestage of Che FFT circuit so as to detect a preamble signal 
contained in the reception data. A circuit shown in FIG. 6 is a 
circuit to be incorporated in the window detecting portion 2 04 
in the receiving apparatus shown in FIG* 2. If the reception 
series is obtained by an input terminal 11 r a signal in which 
this reception scries is delayed by a delay circuit 12 and a 
Signal in which it is not delayed (that is, just a signal 
obtained in the input terminal 11) are supplied to a subtracter 
13 so as to carry out subtraction processing- A delay aircuit 
12 is a circuit for delaying the sinqle modulation time of the 
reception* series by only 1/2- Here, the single modulation time 
is assumed to be 2 40^ seconds and a delay processing is carried 
out by the delay circuit 12 for 120/^seconds . 

carrying out of subtraction processing for the signal 
delayed by 1/2 modulation time and the not delayed signal by 
means of the subtracter 13 functions as a comb filter for 
extracting only the preamble signal from signal transmitted with 
the state shown in FIG» 5- The delay time in the delay circuit 
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12 composing this filter is set based on the disposition ol the 
first information symbol and the second information symbol. 

The preamble signal extracted by the subtractor 13 ia 
supplied to a shift register 1-1. The shift register 14 is a 
register In Which 11-symbol data are set. A preamble buffer 15 
stores the preamble data of the 11 symbols preliminarily. 
Correlation between data set in the shift register 14 and data 
stored preliminarily in the preamble buffer 15 Is obtained by 
individual multipliers 16a, 16b, ... 16n for each symbol value. 
According to this embodiment, transmitted symbol data is symbol 
data subjected to DQPSK modulation. The DQPSK modulated symbol 
data is composed of I channel (real number portion which is an 
in-phaee component of an orthogonal modulated wave) and Q 
channel (imaginary number portion which is an orthogonal 
component of the orthogonal modulated wave). Data of only the 1 
channel which ia a real number portion is stored in the preamble 
buffer 15, so that only data of the I channel is compared in the 
multipliers 16a, 16b, 16k. 

Then/ output of the correlation value Of the respective 

multipliers 16a-16k is supplied to an accumulative adder 17, in 

which an electric power level corresponding to 11 symbols are 

added accumulatedly and output of the added values is supplied 

to a determining portion 18. The determining portion 18 carries 

ouu a processing for determining whether the electric power 
4 

level obtained by accumulated addition is higher or lower than a 
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■threshold level set preliminarily. If it is determined that it 
is higher than the threshold level, its determining output is 
supplied from a terminal 19 to a reception timing control means 
(circuit corresponding to a time base controller 211 of FIG. 2) 
and then, processing timing in the PPT circuit and the like is 
controlled based on the determined timing. 

Here, a principle that th© preamble signal can bo 
detected by detecting correlation by means ot a circuit shown in 
FIG* 6 will be described. Because modulation processing carried 
out on a received signal at this time, namely modulation in the 
modulator 105 within the radio transmission apparatus 100 is 
DQPSK modulation, it is data indicated Jay a position on a circle 
on the orthogonal coordinate axes formed by intersecLing the 1 
channel and the Q channel. Tn the modulator 105 on the 
transmission side, as the second information shown in FIG* 4, 
any one of these four points is selected- The first information 
is absolutely modulated such that all are at the same phase 
positions . 4 

Assuming that the basic waveform of each subcarrier in 
the I channel is coe(2rrft) and the basic waveform of each 
subcarrier in the o channel is sin(27rft), of two outputs (I 
channel and Q channel), transmission power on one side (for 
example, X channel) is doubled because the component of the 
frequency fn and the component of the frequency -fh (for 
examplc # component of -the freguency fl and component of the 
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frequency -fl in FIG. 5) strengthen each other in the ouLput ol 
the high frequency portion 108 of the radio transmission 
apparatus 100'. If this is expressed by an equation, it can be 
expressed as follows. 

I component: = 2 [cos(2?Tft) + cos {2n-(-fn)t}] 

= 22 [cos(2nft)l ... [1] 

on the other hand, in transmission power in the Q 
channel/ its plus component and minus component kill each other 
so that the transmission power becomes 0. If this is expressed 
by an equation/ iL can be expressed as follows. 
Q component = 2 [sin(2rcft) + sin {27i(-fn)t>] ... [2] 

This is expressed by a waveform diagram In PIG ? 7. An 
example of a carrier in the I channel of a aubcarrier at a 
position -fl shown in^FIG. 5 is shown in FIG- 7 A and a carrier 
in the Q channel of a aubcarrier in the Q channel at a position 
fl shown in FIG. 5 is shown In PIG. 7B. By adding the waveforms 
shown in FIGS. 7A, 7B for each channel, it is evident that the 
levels in the I channel strengthen each other while they kill 
each other in the Q channel. Thus, with the structure shown in 
PIG. 6, by memorizing only the preamble signal of one channel (I 
channel here) in the preamble buffer 15 and then obtaining 
correlation in reception power of the preamble signal , the 
preamble signal can be detected accurately. 

If comparing a processing at the detection circuit of 
PIG. 6 with a processing at the conventionally same preamble 
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signal detecting circuit , the output of a filter (circuit 
corresponding to the subtracter 13 shown in PIG. 6) for 
extracting the preamble signal is expressed by A + jR where the 
value of the real number portion (I channel) is A while the 
value ot the* imaginary number portion {Q channel) is jB. On the 
other hand, when the real number value C and the imaginary 
number value jD of the preamble signal are memorised in the 
preamble buffer, arithmetic operation of this memorized value C 
-4- jD and the filter output value A + jB is expressed by a 
following equation. 

(A + jB)*(C + jD) = <AC - BD) + j (AD + BC ) •••[3] 

Although the arithmetic operation of the equation [3] is 
a proce Being in the conventional detecting circuit, in the 
detecting circuit of jthis embneyj^nt memorized data in the 
preamble buffer 15 may be C alone. If correlation detecting 
processing ±| expressed, it is expressed by a following 
equation. 

(A + jB)*C » AC + jBC - • • [4] 

Therefore, it is possible to omit two multiplication 
processing and two addition/subtraction processing for each 
preamble of a symbol- in the signal structure described up to 
now, because there are provided 11 symbols of the preamble 
signals are provided, the multiplication processing of 22 pieces 
and addition/ subtraction processing or 22 pieces can be omitted. 
Consequently, the structure of the preamble signal detecting 
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another circuit such as an adder so as Lo function as a filter. 
Next, a second embodiment of the present invention will 
be described^ with reference to U'lGS. 8-12. 

In this embodiment also, the present invention is 
applied to a case for radio transmission of the multi-carrier 
signal. The basic structures of its transmission apparatus and 
reception apparatus are the same as those described in the first 
embodiment:. After the transmission symbol stream generated by 
the primary modulator at the time of transmission is expanded in 
the symbol expanding portion, It is converted to the multi- 
carrier signal by means of the IFFT circuit (reverse fast 
Fourier transformation circuit). This embodiment is ai> example 
suitable for carrying out packet communication such as ATM 
J Asynchronous Transfer Mode) or the like* That is, as shown in 
FIG. S, packlts PI, F2, F3 composed of time slots TS1, TS2, TS3 
are transmitted as required. Here, a time slot has the length 
of a modulation Lime. 

Processing capacity of the IFFT circuit provided in the 
transmission apparatus is equal to capacity capable of 
processing signals (subcarrier interval fs » 4*17 kHz) of -2 00 
KEZ - 200 kHz in terms of base band and when the width of 100 
kHz is assumed to be a channel, it comes that processing 
capacity corresponding to four channels le provided. 

At the time slot TS1 at the head of each packets Pi, P2, 
P3/ the preamble signal is sent and then, at Lhe second and 
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third time slots, other signals {signal corresponding to the 
second information in the first embodiment) are sent. 

According bo this embodiment, the transmission symbol 
stream primarily modulated by DQPSK modulation in the modulator 
105 within the transmission apparatus has the structure shown in 
FIG. 9. That is, when 24 pieces of symbols Si - 324 are disposed 

virtually on the frequency axis at 4.17 kHz, as for the 
frequency position, the frequency position of the symbol Sj. ie 

100 kHz while the frequency position of the symbol S 24 is 200 

kHz. In this example also, symbols S lf s 2 4 (that is, symbol 

located at 100 kHs and symbol located at 200 kHz) on both ends 
or 24 symbols Si-S a * serve for guard carriers, so that actually 
anything is not transmitted. Remaining 22 symbols S 2 - S 23 are 
symbols for use for transmitting the first information (that is, 
preamble signal) through the head time slot TSl* 

Then, the preamble signal having the structure shown in 
FIG. 9 is expanded by the symbol expanding portion. At the time 
of expansion, with 0 kHz as a reference position (that is r 
central position), processing for expanding symmetrically on the 
frequency axis is carried out. FIG. 10 is a diagram showing an 
example of symbols to be expanded in this case. As shown in the 
same Figure, the 24 symbols S3.-S34 disposed virtually from 100 
kHz to 200 kHz are disposed from -200 kHz to -100 kHz. Because 
they are disposed symmetrically wibh respect to 0 kHz# the 
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arrangements of the symbols are reverse to each other, 
it 

Such expansion in the symbol expanding portion is 
carried out in only the time slot TS1 for - transmitting the 
preamble signal which is information required to be determined 
before decoding in this example and symbols in a time slot 
period for transmitting other information (second information) 
are not expanded. Then, the symbol stream processed in this way 
is supplied to the ifft circuit and subjected to reverse Fourier 
transformation processing in which a time axis is converted to a 
frequency axis for every symbol in the modulation unit. A 
transformation output of the IFFT circuit is supplied to a high- 
frequency portion and transmitted by radio in a predetermined 
transmission frequency band • 

_____ As a result of— aunh transmission, only the I channel 
component of the preamble signal is doubled as compared to a 
case where the transmission power level is not subjected to 
expansion processing. A principle that the transmission power 
level doubles is the same as the transmission principle 
described in the first embodiment and therefore, a description 
thereof is omitted. 

Next, a radio receiving apparatus for receiving a signal 
transmitted in this way will be described* The basic structure 
of the reception apparatus is the same as the reception 

apparatus described in the first embodiment. This embodiment 
4 

has a different structure for detecting the preamble signal 
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contained in a recepLion signal. The FFT circuit: for 
transforming the multi-carrier signal is provided with a 
processing capacity corresponding to four channels like the XPFT 
circuit provided in the transmission apparatus . 

FIG* 11 shows the structure of the preamble signal 
detecting circuit o£ a reception apparatus of this embodiment. 
Hereinafter, the structure thereof will be described. If a 
reception column is received by an input terminal 21 r this 
reception column is supplied to a shift register 22. The shift 
register 22 is a register in which data of 22 symbols is set* 
The preamble buffer 23 stores preamble data of 22 symbols 
preliminarily (PIG. 11 is a diagram in which part thereof is 
omitted and the registers and buffers are nor expressed with 22 
stages ) . " 

Then, correlation between data set in the shift register 
22 and data preliminarily accumulated in the preamble buffer 23 

is obtained by individual multipliers 24a, 24b , 24n for each 

symbol. According to this embodiment, transmitted symbol data 
is symbol data subjected to DQPSK modulation. The DQPSK 
modulated symbol data is composed of I channel (real number 
portion which is an in-phasa component of an orthogonal 
modulated wave) and Q channel (imaginary number portion which is 
an orthogonal component of the orthogonal modulated wave). Data 
of only the 1 Channel which is a real number portion is stored 
in the preamble buffer 23, so that only data of the I channel is 
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compared in the multipliers 24a, 24b, . 24n« 

Then, output of the correlation value of the respective 
multipliers 24a-24n is supplied to an accumulation adder 25, in 
which electric power level corresponding to 22 symbols are added 
accumulatedly and an output of the added values is supplied to a 
determining portion 26. The determining portion 26 carries out 
a processing for determining whether the electric power level 
obtained by accumulated addition is higher or lower than a 
threshold level set preliminarily. If it is determined Lhat it 
ia higher than the threshold level, its determining output is 
supplied from a terminal 27 to a reception timing control means 
(circuiL corresponding to a time base controller 211 of PIG. 2) 
and then, processing timing in the FPT circuit and the llfce are 
controlled based on the determined timing* When another time 
slot in the same packet ia subjected to transformation, the 
transformation processing is carried out cyclically in the 
period of the modulation time from that determined timing. The 
principle that correlation detection is carried out with the 
structure shown in FIG, 11 is the same as that mentioned about 
the equation [4] in the first embodiment. 

By such reception processing, a break of the single 
modulation time can be determined from reception data prior to 
Fourier transformation with a simple structure, only by 
determining the reception power of any one of the real number 
portion and imaginary number portion composing the reception 
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out continuously unlike the above described asynchronous 
communication, any time slot period may be a time slot in which 
the preamble signals described in this embodiinent are disposed* 
Further, it is permissible to change the base band for 
use upon transmitting the preamble signal depending on a 
communication state. For example, iL is permissible that, when 
the transmission path state is good, the base band of the time 
slot for transmitting the preamble signal is in a range of -200 
JcH2 to 200 kHa and when the transmission path state is not good, 
the base ban# of the time slot for transmitting the preamble 
signal is in a range of -100 kHs to 100 kHz. in this case, the 
detecting circuit for the preamble signal in the reception 
apparatus may be so constructed to correspond Lo both the 
signals . 

If the base band of the time slot lor transmitting the 
preamble signal is changed, this can be treated by carrying out 
a processing shown in FIG. 12/ for example, in the symbol 
expanding portion in the transmission apparatus. 0?hat is, after 
the transmission processing is started (Step S101), application 
band information is obtained from a time base controller in this 
transmission apparatus (step S102). Next, the symbol stream 
corresponding to a single modulation time to be transmitted is 
accumulated in the buffer memory (step S103). Then, it is 
determined whether or not the frequency of a first symbol 
position (guard carrier in the above described example) of the 
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transmission symbol stream is 0 kHz (step S104). This 
determination can be carried out depending on the application 
band inf ormation obtained in, for example, step S102» 

If it is determined that the frequency of the first 
symbol position is 0 KHZ in this determination, the symbol S 24 

to the symbol 5 2 are transmitted successively to the IFFT 
circuit (st^p S108)* After that/ the symbol Si to the symbol S24 
are transmitted successively to the IPP3? circuit (step 5109). 
Then/ with the symbol Si set at 0 kHz, the multi-carrier signal 

in which symbols thereof are expanded symmetrically in a range 

of -100 kHz to 100 kHs is generated by reverse Fourier 

transformation and transmitted r and the processing in this time 

slot is terminated (step S110 ) • 

Further, if It is determined that the frequency of the 
I 

first symbol position is not 0 kHz in step 5104, the symbol S24 
to the symbol S x are transmitted successively to the i*'FT 
circuit (step SI 05) and after waiting in time equivalent to 
transmission time for about two channels (or transmitting symbol 
stream corresponding to its application band) (step SI 06), the 
symbol B x to the symbol S 2 4 are transmitted successively to the 

IFFT circuit (step S107). A multi-carrier signal in which 
symbols thereof are expanded symmetrically in a range of -200 
kHz to 200 KHz as shown in FIG. 10 is generated by reverse 
Fourier transformation and transmit- Led/ and then, the processing 

I 
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in this time slot is terminated (step S1110). 

in the meantime, the reason why the symbols to be 
transmitted to the IFFT circuit in step SI 08 are up to the 
symbol S 2 while the symbol S a is not to be transmitted when 

symbols arc expanded symmetrically in a range of -100 kHz to 100 
kHz, Is to have the respective symbols to be disposed 
symmetrically with respecL to the position of 0 H3 SO that the 
symbols located at the respective symmetrical positions kill 
each other* 

Although only the slot for transmitting the preamble 
signals is expanded symmetrically for transmission according to 
this embodiment, it is permissible to expand symbols 
symmetrically ror transmission in a slot for transmitting other 
information. Further, information to be disposed in a slot for 
transmitting other information than the preamble signal may be 
provided with error correction data before reverse Fourier 
transformation is carried out. in this case, after Fourier 
transformation is carried out on the side of the reception 
apparatus, error correction processing based on error correction 
data is carried out. 

In the processing for detecting the preamble siqnal 
within the reception apparatus, its correlation detection 
processing may be carried out with software as well as with a 
hardware circuit shown in FIG. 11. 
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CLAIMS 

1. A multi-narrier signal -transmission apparatus for 
transmitting a signal in which first Information necessary for 
gaining synchronism of transmission signal is disposed at a 
predetermined interval in second Information which is the other 
information, comprising! 

data arrangement means for arranging said first 
information and said second information; 

first modulation means for generating transmission 
symbol sLream by modulating data created by said data 
arrangement means; 

aymbol generating means for expanding transmission 
symbol stream generated by said first modulation means on 
frequency axis so as to generate the transmission symbol stream 
symmetrical on the frequency axis; and 

second modulation means for converting the transmission 
symbol stream symmetrical on the frequency axis generated on 
said symbol generating means by reverse Fourier transformation. 

2 . The multi-oarricr signal transmission apparatus 
according to claim 1 wherein said data arrangement means 
disposes said first information and said second Information 
alternate! y« 
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3 . The multi-carrier signal transmission apparatus 
according to claim 1 wherein with a symbol at said reference 
frequency position of the transmission symbol stream as the 
center, said symbol generating means expands respective symbols 
of said transmission symbol stream other than that symbol 
symmetrically on the frequency axis. 

4» A multi-carrier signal reception apparatus for 
receiving a multi-carrier signal, including first information 
necessary idk gaining synchronism of a transmission signal and 
second information, comprising i 

memory means for memorizing any one of a real number 
portion and a imaginary number portion in said first 
information; - _ 

delay means for delaying a received symbol stxea.ui by a 
predetermined time? 

a filter portion for extracting said first information 
using a reception symbol stream delayed by said delay means and 
reception symbol stream not delayed; 

a correlator for gaining correlation between output of 
said filter portion and the first information of the real number 
portion or imaginary number portion memorised in said memory 
means ; and 

determining means for detecting synchronism depending on 
a peak position of a correlation value of said correlator. 
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5. The multi-carrier signal reception apparatus 

according to claim 4 wherein when processing time of a single 
4 

unit for Fourier-transforming the multi-carrier signal is a 
single modulation time, a predetermined time to be delayed by 
said delay means is set at 1/2 a single modulation time. 

6. A multi-carrier signal transmission apparatus for 
transmitting first information necessary for gaining synchronism 
of transmission signal and second information which is the other 
information as the multi-carrier signal, comprising* 

lit at modulation means for generating a transmission 
symbol stream by said first information and a transmission 
symbol r~sirream"by s aid -- s econd^nr ormat ion^^jelectively ; and 

symmetrical transmission symbol stream generating means 
in which a transmission symbol stream based on said first 
information and generated by said first modulation means is a 
transmission symbol stream expanded symmetrically on a frequency 
axis with a predetermined frequency position as a reference. 

7m The multi-carrier signal transmission apparatus 
according to claim 6 wherein with a symbol aL said reference 
frequency position of the transmission symbol stream as the 
center , said first modulation means expands respective symbols 
of said transmission symbol stream other than that symbol 
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symmetrically on the frequency axis • 

8. A multi-carrier signal reception apparatus for 
receiving the first information necessary for gaining 
synchronism 0£ transmission signal and second information which 
is the other information, comprising a 

memory means for memorizing said first information; 

a correlator for gaining correlation between the 
received symbol stream and the first information of a real 
number portion or imaginary number portion memorised in said 
memory means; and 

determining means lor detecting synchronism depending on 
a peak position of a correlation value of said correlator. 

9» The multi -carrier signal reception apparatus 
according to claim 8 wherein said memory means memorizes only 
any one of the real number portion and the imaginary number 
portion in said first information* 
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ABSTRACT OF TUB DISCLOSURE 

« 

Xa -transmitting first information necessary for gaining 
synchronism of transmission signal and second information which 
is the other information by determining a break of a single 
modulation unit with a simple structure and processing prior to 
Fourier trans formation on the side receiving a signal 
transmitted as a multi-carrier signal, a transmission symbol 
stream is expanded on a frequency axis. With a predetermined 
frequency position (for exan^ple, 0 kHz) as reference, a 
transmission symbol stream symmetrical is generated on the 
frequency axis and then, the transmission symbol stream 
symmetrical on the frequency axis is Fourier- trans formed and 
— transmitted s _ 
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DESCRIPTION OF REFERENCE NUMERALS 
lis input -terminal 
12s delay circuit 
13: adder ^ 
14; shift register 
15i preamble buffer 
16a- 16ns xftultiplier 
17 1 accumulative adder 
18i determining portion 
19$ output terminal 
21: input terminal 
22« shift register 
23: preamble buffer 
24a-24n» multiplier 
25s accumulative adder 
26s determining portion 
27 s output terminal 

100, 100': radio transmission apparatus 

101 i video circuit 

102: voice circuit 

103* mixing circuit 

1 04 s inter leaver 

105: modulator 

106 1 reverse fast Fourier transformation circuit (IFFT circuit-) 
108s transmission processing circuit 
109s time base controller 
110i antenna^ 
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Ill: symbol expanding circuit 
200s radio reception apparatus 
201: antenna 

7.02: high frequency portion 
203: analog/digital converter 
204 * vindow detecting portion 

2051 fast Fourier transformation circuit (FFT circuit) 

206s demodulator 

207s deinterieaver 

208s viterbi decoder 

209s video circuit 

210: voice circuit 

211 i time base controller 

Dli first information 

D2t eecond information 
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DECLARATION AND POWER OF ATTORNEY 



As a below-named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: 

MULTI-CARRIER SIGNAL TRANSMITTING APPARATUS AND MULTI-CARRIER 
SIGNAL RECEIVING APPARATUS 

specification of which 
(check one) 

is attached hereto. 



X was filed on April 10, 7,001 

International Filing Date August 10, 2000 

Application Serial No 097807,187 

and was amended on — 

(if applicable) 



I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information of which I am aware which is material to the examination 
of this application in accordance with Title 37, Code of Federal Regulations, Section 1.56(a), 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119 of any foreign 
application (s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor ! s certificate having a filing date before that of the application on which 
priority is claimed: 



Prior Foreign Application (s) 
Number Country 



Filing Date 



Priority Claimed 
Yes No 
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I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States 
Application(s) listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, 
United States Code, Section 112, 1 acknowledge the duty to disclose material information as defined in Title 
37, Code of Federal Regulations, Section 1.56(a) which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application: 



A pplication Serial No. Filing Date Status 



And I hereby appoint Jay H. Maioli, Reg, Nq i J7 1 213; Donald S. Dowden, Reg. No*JJ(L701; William E. 
Pelton, Reg. N o. 25.702 : Peter J. PWllips, Reg. N&J22*£21; Gerald W. Griffin, Reg. NoOS^; Ivan S. 
Kavrukov, Reg. N o. 25^ 161; Christopher C. Dunham, Reg. N o. 22,031 : Norman H. Zivin, Reg. No. 25,38$ ; 
John P. White, Reg7Nol2&*62S; and Robert D. Katz, Reg. No*~30441; and each and aU of them, all c/o 
Cooper & Dunham, 1185 Avenue of the Americas, New York, NY 10036 (Tel. (212) 278-0400), my 
attorneys, each with full power of substitution and revocation, to receive the patent, to transact all business 
in the Patent and Trademark Office connected therewith and to file any International Applications which 
are based thereon under the provisions of the Patent Cooperation Treaty. 

Please address all communications, and direct all telephone calls, regarding this application to 

JAY H. MAIOLI Reg. No. 27,213 

trooper & Dunham LLP 
1185 Avenue of the Americ as 
New York, New Yor k 10036 
Tel. (212) 278-040(0 



I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 



Full name of sole or r v\J 
First joint inventor — Hiripki Twgrpi 




Inventor' 



s signature 



Citizenship. 




Date of Signature. 




Saitama, Japar^ J) 



Post Office Address r/n £nny rnrpnratimi; 7-35 Kitnshinflgflwa, 



Slimagawg- fciij Tnkyn 141, TAPAN 



